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   The labor force of the younger men in Japan has been centered in urban 
regions for these several years. Consequently in the rural regions, the role 
of the older people there is becoming important more and more, and their 
labor force should be re-evaluated in the present time. 
   Thus, these investigations were made on some physiological functions 
of the forty years and older aged people in an agricultural distirct. 
   Standing height, body weight, chest circumference, sitting vertex 
height, back muscular power and vital capacity of aging people have a 
tendency to decrease with age and those in male have larger values than 
those in female. Especially in back muscular power the declining rate of 
men is more remarkable than that of women. 
   In arm circumference there is no great difference between right and 
left, between sexes and among the four age groups. Comparing the pre-
sent data in the rural population to the Japanese average value, the former 
was neither taller nor heavier, smaller in muscularity, skeletal development 
or fatness. 
   Hand grip pressure decreases with age in both men and women and 
has difference between right and left, and sexes. This tendency is in 
accordance with the report of SCHWARZ11) et al. 
   The mean systolic blood pressure rises with age until 79 years but 
mean diastolic blood pressures do scarcely vary or slightly decrease. This 
fact is similar to the report of LASSER18) and MASTER with 80,000 normal 
subjects. 
   F.E.V. 1.0% has no difference between sexes, and, in male, it de-
creases with age. All the values are in the range 70-80%. NAKAMURA21) 
TAKIJIMA state in their report that F.E.V. 1.0% shows decreasing tendency 
with age and the normal value is over 70%. 
   Hearing deficiency in high pitched tone increases remarkably with age, 
and the visual acuity of aging people is as follows: 
                Age Male Female
                    40 0.9 0.8 
                   50 0.7 0.6
                   60 0.5 0.4 
                    70 0.4 0.3
*平山平八郎
   It is inferior to the Japanese standard. 
      The percentage with abnormal signs in E.C.G. increases slightly with 
   age especially the percentage with abnormality of ST. T . 
      Mobility of shoulder, vertebral and hip joints decreased with age and 
   revealed significant variations among four age groups. The shoulder joint 
   is the best of the three to examine the degree of aging. 
      SHIRAISHI5) et al. also state that the shoulder joint is the best of the 
   three joints from the value of regression coefficient. 
      02 intake at rest tends to lower with aging in both sexes in accord-
   ance with the basal metabolism lowering with age. The fact that excess 
   02 intake not only during exercise but also at recovery is rather high in 
   the aged, means that the aged people need much more 02 intake per unit
   work and its energy efficiency lowers. Especially excess 02 intake in the 
   first one minute of recovery was significantly lower in the older two 
   groups than in the younger ones. 
      According to ROBINSON35>, the pulse frequency at rest is less in the 
   aged, but in this investigation the pulse frequency preferably tends to 
   increase with aging. Oxygen-pulse tends to lower with aging, which means
   the decrease of heart function with age. 
      Excess 02 intake per excess pulse is rather higher in the aged; it 
   seems to mean that the increase of tidal volume for that of oxygen
   demand is higher, consequently the heart load is heavier in the aged in 
   exercise. From the facts mentioned in this report, it is conclusive that in 
   the aged, the heart reacts more weakly to oxygen demand. 
      Thus the submaximal load test, not only the maximal load test, is 
   available for the estimation of respiratory and circulatory functions as the
   factors of biologic age. 
   In aging people the degree of any declining physical function is not 
always proportional to "chronologic age", but there are differences to 
be found among individuals in capacity, in rate of aging and in 
attitudes toward aging. "The biologic age" which indicates the degree 
of emaciation and aging by assessing some physical functions has been 
wished to be estimated so that the possibility and limitation of aging 
people's life may be known. If the biologic age is estimated, it is clear 
that it will serve to promote health, improve living conditions and solve 
the problems in occupation of aging people. 
   Already the biological, medical, psychological and sociological stud-
ies on the various problems of aging people have been made by many 
researchers. From the biological and medical standpoint the following 
some investigations have been reported. BENJAMIN" tried to find out 
biologic age in such a way that twenty physical functions were tested 
and the results of them were synthesized mathematically. Besides him 
MURRAY2 tried to test five physical functions highly correlated with 
chronologic age, and then showed an equation of regression estimating 
"biologic age" . 
   In this country AMAKO~1) has ever tried to show a kind of biologic 
age utilizing the results of nine physical function tests. By NISHIDA43
also, physiologic age factor was tried to calculate as a mathematic 
indicator of loss of physiologic function in aging people. Despite the 
fact that many researchers have ever tried to determine "*biologic age", 
the concept "biologic age" is still abstract one that is not well-grounded. 
Indeed, it is important to find out factors being able to estimate "biologic 
age", in other word, to select some physical functions, which show 
definite variation progressively with age. 
   In recent years in this country many young adults living in rural 
districts removed rapidly for earning their livings into cities, so that 
in villages, isolated islands and other secluded places women, children 
and especially aging people must work more. The aged have hitherto 
been thought to be a functional sub-group of society, but at present the 
working capacity of the aged must be revalued as the main labour 
force in the rural regions. 
   Thus in Japan the physiological functions and their aging of the 
people in the rural regions have been investigated as follows: The 
Institute for Science of labour made a comparative investigation of the 
various physiological functions of the farmers in the northeastern dis-
trict and in the south-western district, and reported that the north-
eastern farmers were prematurely aged. SHIRAISHI5) and NAKAMURA6) 
also reported that the farmers were prematurely aged comparing with 
the other kinds of the workers. 
   The present report deals with some physical functions of aging 
people living in an agricultural village of Kyushu-island (western 
section of Japan). 
   The major objects of this report are in brief as follows: 
1) To investigate the degree of emaciation of the aged living in a 
rural district and then to estimate their ability and fitness for farming 
in their native villages, which have a socially important problem that 
the younger people are decreasing more and more. 
2) To find out which is the best to express the degree of aging, of 
all the physical functions of the aged and to make the results of this 
investigation useful basal data for determining "biologic age". 
      SUBJECTS & PHYSICAL FUNCTIONS MEASURED
   As the subjects, in 1965, were selected 235 adults, 91 males and 
144 females, over 40 to 79 years of age who were living in Maruo, 
Dotoku and Kurosaki, Nishisonogi district, Nagaski prefecture. Physical 
functions measured in the first year, 1965, were as follows; standing 
height, body weight, chest circumference, sitting vertex height, arm 
circumference, hand grip pressure, back muscular power, blood 
pressure, vital capacity, forced expiratory volume l.o%, visual acuity, 
hearing loss, E. C. G. and mobility of shoulder, vertebral and hip 
joints. In the next year, 1966, 02 intake and pulse before, at and after
performance of a slight load test by hand-ergometer were assessed on 
40 males ,and 64 females chosen from the above subjects previously 
measured. 
                METHODS & RESULTS 
1) Standing Height, Body Weight, Chest Circumference, Sitting Vertex 
Height and Arm Circumference 
   Height, chest circumference, sitting vertex height and arm circum-
ference were measured as usual. Concerning the body weight, subjects 
were weighed with their clothes on but without shoes or sandals and 
samples of clothing were weighed so that nude weights could be es-
timated. Table 1 and 2 show that the subjects become smaller with 
          Table. 1 Mean Heights by age and sex (cm)
                      Male Female 
 Age 40(26) 50(26) 60(25) 70(12) 4'0(43) 50(44) 60(28) 70(28) 
 m.v 160.7 158.4 153.3 155.8 148.8 146.7 146.4 140.8 
 S.D 4.3 5.1 4.5 5.7 5.9 3.6 5.4 6.4 
    m.v; mean value. S.D; standard Deviation ( ) number of samples.
Table. 2 Mean Weights by age and Sex (kg)
   Sex Male Female 
 Age 40(26) 50(28) 60(25) 70(12) 40(43) 50(44) 60(28) 70(28) 
 m.v 56.2 52.3 49.4 48.1 47.7 46.8 44.4 42.3 
 S.D 6.2 5.2 5.2 3.9 6.2 5.9 7.9 6.3 
    ( ) : number of samples.
Table. 3 Chest Circumference (cm)
   Sex Male Female 
 Age 40(26) 50(28) 60(25) 70(12) 40(43) 50(44) 60(28) 70(28) 
 m.v 85.4 85.8 84.8 83.4 81.1 81.8 80.5 80.0 
 S.D 4.7 3.3 3.9 3.3 5.5 5.2 7.1 5.2 
    ( ) : number of samples
Table. 4 Sitting Vertex Height (cm)
    Sex' Male Female 
 Age 40(26) 50(28) 60(25) 70(12) 40(43) 50(44) 60(28) 70(28) 
I 
 m.v 86.9 86.4 83.1 84.4 82.1 80.9 79.3 75.4 
 S.D 2.6 2.3 2.6 2.1 4.0 2.3 2.5 3.1 
    ( ) : number of samples
Table. 5 Arm Circumference (cm)
  S Male Female 
Age 40(26) 50(28) 60(25) 70(12) 40(43) 50(44) 60(28) 70(28) 
      r 1 r 1 r 1 r 1 r 1 r 1 r l l r 1 
m . v 25.6 25.1 25.7 24.9 24.2 23.9 23.6 22.8 25.0 24.1 23.9 24.7 23.5 23.323.0 22.8 
S.D 2.1 5.1 1.8 1.8 2.0 1.7 I 1.3 1.3 2.5 2.4 2.3 2.3 2.6 2.81 2.8 2.6 
    ( ) : number of samples
aging. The chest circumference decreases with aging in both sexes 
from fifties years (Table 3). The sitting vertex height shows almost the 
same trend with aging as the standing height (Table 4). Table 5 shows 
no great difference between male and female, right and left and among 
age groups in arm circumference. 
2) Hand Grip Pressure & Back Muscular Power 
   The hand grip pressure was measured with a Smedley hand 
dynamometer and the back muscular power with a "KYS" type back 
muscular dynamometer. Each individual was permitted two or three 
tries and the highest reading is the one recorded. Table 6 shows that
Table. 6 Hand grip Pressure (kg)
                           Male - Female 
Age 40(25) 50(28) 60(25) 70(12) 40(42) 50(44) 1 60(28) 70(27) 
       r 1 r 1 r I r 1 r{ 1 r 1 r 1 r 1 
m.v 33.7 32.9 29.0 27.4 21.5 21.3 19.5 19.5 19.0 1 17.9 16.916.513.412.5 8.5 8.8 
                                                                        
1 1 
S.D 6.4 6.4 5.7 6.0 4.8 4.9 5.2 5.0 4.7 4.5 3.2I 3.0 3.5 3.4 3.8 4.7 
    ( ): number of samples
men have more powerful hand grips than women, and that the average 
hand grip pressures of right and left do not differ significantly in both 
sexes. Average hand grip pressures of men and women decline 
gradually with aging, and those of men from fifties to sixties year 
considerably decline. The back muscular power similarly declines with 
aging in both sexes and the difference between men and womens is 
significant. The declining rate of men is more remarkable than that 
of women (Table 7). 
3) Blood Pressure 
   Table 8 shows that with aging the mean systolic blood pressures 
of men and women rise, but the mean diastolic blood pressures do 
scarcely vary or slightly decrease. By the criteria for determination of 
abnormal blood pressure suggested by the CONFERENCE7> of the American 
Heart Association on "Epidemiological Methods in Heart Disease", the 
mean systolic and diastolic blood pressures are still, within normal 
limits.
Table. 7 Back Muscular power (kg)
  \- - - - Male - ----- Female 
Age 40(25) 50(28) 60(25) 170(12) 40(43) 50'(44) 60(28) 70(27) 
  m.v 99.6 83.1 64.9 43.8 44.8 41.4 30.8 17.0 
  S.D 26.7 21.5 23.0 15.4 1.9.0 12.5 12.5 11.6 
    ( ) : number of samples
Table. 8 Blood Pressure (mmHg)
    Sex Male Female 
 Age 40(26) 50(28) 60(25) 70(12) 40(43) 50(44) 60(28) 70(27) 
  m.v 123^-81 135-v81 133^-77 153^-82 122^-76 133-81 141-78 147-79 
 S.D 19.2 11.3 28.4 13.9 27.6 12.3 3.6 11.4 15.7 11.9 21.7 11.2 29.21 11.01 29.6 13.5 
    maximum mininum ( ): number of samples.
Table. 9 Vital Capacity (cc)
                  Male 1 Female 
 Age 40(26) 50(28) 60(24) 70(12) 40(42) 50(44) 60(28) 70(28) 
 in. v 3544 3364 2863 2753 2523 2275 2122 1704 
 S.D 749.0 696.3 574.8 567.6 458.4 533.1 523.6 480.4 
    ( ) : number of samples
Table. 10 Forced Expiratory Volume 1.0%
\Sex Male Female 
 Age 40(26) 50(28) 60(24) 70(12) 40(42) 50(44) 60;"28) 70(28) 
  m.v 78.5 74.9 74.7 70.4 78.2 78.5 71.8 76.1 
 S.D 5.9 7.7 8.0 13.6 11.2 8.0 12.3 12.5 
    ( ) : number of samples
4) Vital Capacity & Forced Expiratory Volume l.o% 
   Vitalor was used for these measurements. 
   Table 9 shows that the vital capacity becomes smaller with age in 
both sexes. Table 10 shows that forced expiratory volume 1.0 % be-
comes small with age in male, but not in female, however, there is no 
significant difference between male and female, and among age groups 
of forties, fifties, sixties and seventies year. 
5) Visual Acuity 
   By the ISHIHARA'S method, the visual acuity of aging people was 
examined. The results show that men have vision of about 0.9 in
forties, 0.7 in fifties, 0.5 in sixties and 0.4 in seventies, and that 
women have vision of about 0.8 in forties, 0.6 in fifties, 0.4 in sixties 
and 0.3 in seventies year (Table 11-1). Those who have vision of 
over 1.0 are shown in Table 11- 2. 
6) Hearing Loss
Fig. 1 Frequency Distribution of Hearing Loss
Table. 11-1 Average Visual Acuity
  S Male Female 
Age 40 50 6'0 1 70 40 50 60 70 
   - r- 1 r 1 r _ 1 r 1 r 1 r I 1 r 1_ r 1 
 m . v 0.91 0.83 0.71 0.74 0.54 0.51 0.44 0.42 0.84 0.82 0.63,0.58 0.42 0.40 0.28,0.30 
 S. E ;-0.10 0.11 0.08 0.08 , 0.07 0.081 ;-0.07 ;-0.07 ± 0.05 i 0.0-6 ~-                                                                      0
.06,0.06'0.07 0.06 0.05,0.05
Table 11- 2 Distribution of Visual Acuity (over 1.0)
     Age 
Sex 40 50 60 70 
          right left right left right i left i right left 
 Male 62.5 
- 58.3 35.7 28.6 23.1 19.2 0 0 
 Female 58.1 44.2 27.3 25.0 7.1 10.7 0 0
   Percent frequency distribution figures of hearing loss (Fig. 1) show 
that the percentage of male with hearing loss of over 30 db in 1000 cps 
rises with age, especially in seventies year there are sixty percent. 
Female's hearing deficiencies also rise with age, especially in sixties 
and seventies year there are about fifty percent of females with hearing 
loss of over 30 db in 1000 cps. In 4000 cps, the percentage of male 
with hearing loss of over 30 db still rises with age; in male there are 
50 percent in fifties year and 100 percent in seventies, however the 
percentage of female in seventies is slightly lower. On the contrary, 
in lower cps such as in 250 cps, the percentage of all men and women 
with hearing loss of over 30 db shows about fifty percent in all age 
groups; the hearing deficiencies do not vary clearly with aging in both 
sexes. Table 12 shows that men's average hearing loss obtained from 
the formula," c2+24,+ --, rises with aging in both right and left ears; 
in forties and fifties year, hearing loss of 20 db is observed but in over 
sixties year that of 30-40 db is noted, and that women's average 
hearing loss also rises from forties to sixties year, but does not 
increase from sixties to seventies year. 
7) Electro Cardiographic Assessment
Table. 12 Average Hearing Loss ( (C2+2 43+ c4) -) db.
                         Male Female 
Age 40 50 60 70 40 50 60 70 - -- r 1 - r - 1 ---r - 1' - -r_ 1 -- --r -- 1 -----r -1 r_-I- l I- r -1 -
 m . v 18.0 18.3 20.2 21.0 29.8 28.8 39.7 42.4 18.1 16.1 19.119.4 33.132.632.2 31.5 
 S.E _-2.7 ,_-3.0 ±-2.5 -2.4 --3.8 -3.3 -3.0 '-3.8 _1.8 x_1.7 - - - - '- -                   - ~- 1.91.82.93.62.63.0 
    S.E; (standard Error)
Table. 13 E.C.G (by Minnesota Code)
                       Male Female 
 Age 40 50 60 70 40 50 60 70 
                 0 0 0- o- o o o o%
III.IV 0 17.2 8.0 25.0 4.6 0 14.3% 39.3~O 
                                                                                                    - -'0---
  VII - - 0 --------..-0-.. 0 8.3 ii 4.6 - 0 -~ 7.1 
i 
 VIII 7.7 0 0 0 2.3 2.3 7.1 3.6 
 IX 3.9 0 0 0 0 11.6 i 3.6 3.6
    The results of electro-cardiographic assessment are classified by 
Minnesota" Code as follows: (Table 13). The percentage of men and 
women with abnormal signs increases slightly with age, especially with 
abnormality of ST. T. 
8) Mobility of Joints 
   As the factors on which the mobility of joints depends, SHIRAISHI5' et 
al. have already regarded; the form of the two neighbouring faces of 
joints, the extending and flexing strength of muscles which are related 
with the movement of joints and the elasticity of muscles or connective 
tissues composing joints. These factors are variable with growing, or 
aging so that it is useful to measure the mobility of joints for the 
purpose of estimating the degree of aging. Concerning the mobility of 
joints, SHIRAISHI et al. have already reported on the infants living in 
cities and workers in factories, but there is little report on the aging 
people living in agricultural villages. By means of the SHIRAISHI's 
method, the mobility of shoulder, vertebral and hip joints were measu-
red: Illustration 1 shows the method of measuring the mobility of 
shoulder, vertebral and hip joints. It is necessary that a nonnormal 
variance should be transformed to one which does have a normal 
distribution; 01, 02 and 03 in the illustration have a normal distribution. 
The cumulative frequency distribution figures of this data show that 
the variation seems to have a normal distribution in most cases, so 
that the data are evaluated about X as well as 0. 
a) Mobility of Shoulder Joint 
   Calculated X1 shows that the mobility of shoulder joints of men is 
negative and that with aging it decreases. The difference among 
forties, fifties, sixties and seventies year is remarkable. 01, as well, 
decreases from forties to sixties but the difference between sixties and 
seventies is not noted. 
   X1 in women shows positive from forties to fifties but thereafter 
it shows negative. The mobility of shoulder joints of women decreases 
with age as well as men. 01 in women shows the noticeable difference 
among the four age groups (Table 14). 
   Variance analysis revealed significant difference among forties,
Table. 14 Mobility of Shoulder Joint
~ e Male F
emale 
 Age 40 50 6'0 70 40 50 60 70 
  XI -3.23% -12.13 -20.98% -28.52 4.19% 0.20 -4.88 % -13.69 
 S.E ±1
.92 x-2.75 ±3.28 7.39 L1.27 L0.62 L0.96 
   Or -1.13° -1.72° -2.85° -2.85° 1.330 0° -1.33° I -2.28°
fifties, sixties, and seventies year in both men and women (Men 
F=7.26>F386(0.01), Women: F=19.87>F3137(0.01)) -
b) Mobility of Vertebral Joint 
   The moility of vertebral joint expressed as X II decreases with age 
in men, but when it is expressed as 0 H , the difference among forties, 
fifties and sixties is not significant. Only the mobility of seventies 
decreases slightly in 0 il expression. The mobility expressed as X 0 in 
women, decreases from fortris to sixties year, but in seventies it 
increases slightly. The difference in 0 p among the four age groups is 
not recognized (Table 15). Variance analysis of X 0 expression showed 
significant difference among four age groups in both sexes (Men: F= 
7.63>F387 (0.01), Women: F=6.42>F3139(0.01)).
Table. 15 Mobility of Vertebral Joint
\S~ Male 1~ Female 
 Age 40 50 60 70 40 50 60 70 
 Xii 18.57 15.94 15.67 11.15 17.38 15.90 13.70 14.12 
 S.E ±0 .96 ±0.75 ± 0.68 -1.75 ±'0.56 0.52 ±0.82 ±1.04  (X II) 
  Oil 2.28° 2.28° 2.28° 1.72° 2.28° 2.28° 2.28° 2.28°
c) Mobility of Hip Joint 
   The mobility of hip joint expressed as X ID decreases with age in 
both sexes. The mobility expressed as 0 M does not increase, nor 
decrease with age in both sexes (Table 16). Variance analysis used for 
               Table. 16 Mobility of Hip Joint
\S~ Male Female 
 Age 40 50 60 70 40 50 60 70 
 X111 71.59 67.83 67.58 61.13 66.21 60.20 57.48 54.42 
 S.E ±2 .21 ±1.36 ±'1.54 ±2.53 ,-1.20 ±1.55 x-1.32 ±1.93  (
xiii) 
   0111 4.58° 4.58° 4.58° 4.58° 4.58° 4.58° 4.58° 4.00°
     m revealed significant difference among the four age groups in men 
   and women (Men: F=12.62>F887 (0.01), Women: F=5.61>F2,99(0.01)). 
   9) 02 Intake and the Pulses during Experiment 
       Hand-ergometer was utilized for the load test. The work load of 
   the hand-ergometer in case of 76 rotations per minute is 0.43 kg m/sec.
   Relative metabolic rate in this exercise was 1.9 on an average. 
      The subject sitting on a chair, the one minute expiratory gas 
   volume of whom was taken after pulse and respiration rate ceased to 
   change, stood up with a sign and began to rotate the hand-ergometer 
   keeping pace with the rhythm, 76/minute, of a metronome. The 
   posture of the subject was cared to be unchangeable, and the expiratory 
   gas volume. during one minute load test was taken. After the load 
   test, the expiratory gas of the first and second minute in the recovery 
   period was taken seperately in the sitting posture. 
      Pulse rate was recorded as well in the four experimental minutes. 
   Respiration Gasmeter of Max-Planck Institute and Pulmo Analysor 
   Godart were used for the assessment of 02 intake. 
   Notes; Im: the first experimental minute, when the subject is sitting 
               quietly the rate of pulse and respiration ceased to change.
         Ilm: the second experimental minute, during the load test.
         IIIm: the third experimental minute, immediately following the 
              load test. 
      IVm: the fourth experimental minute, following IIIm. 
  9 - I) 02 Intake 
      02 Intake at resting period decreases with age in both sexes shown 
  in Figs. 2-1 & 2-2 and Table 17 & 18. 02 intake for exercise (Fig. 
  2-1) is the most in the first minute of recovery period (111m) and 
  the decreasing tendency with aging is also noticed in both sexes. 02 
  intake per kg of body weight (Fig. 2-2) shows almost the same values 
  in the both sexes, and excess 02 over resting in IIIm (IIIm - Im) shows 
  significantly higher value in 60-70 age than in 40-50 age (Table 32). 
  The value of the 02 intake during exercise (IIm - Im) shows decreasing 
  tendency in female (Table 21 & 22). Whole excess 02 intake, which 
  is calculated from the formula: IIm+IIIm+IVm-Im x 3 shows the 
  increasing tendency with aging in the unit of kg body weight (Table 
  19 & 20). 
  9-11) Pulse in the Four Experimental Minutes 
      The pulse frequency per experimental minute at rest increases 
  slightly with age, however in any experimental minute, the difference 
  of the pulse frequency among the four age groups is not significant 
  (Table 23). The rate of excess pulse (IIm + IIIm + IVm - Im x 3) decreases 
  with age and then increases in seventies (Table 24). The initial rise 
  of the pulse rate in the exercise (IIm-Im) in women decreases with 
  age (Table 25). This fact is similar to that tendency of the 02 intake
perviously mentioned. 
9-III) Oxygen-Pulse (Ratio of 02 Intake to Pulse Rate) 
   The value of the 02 intake per pulse (oxygen-pulse, ml) shows 
lowering tendency at rest with aging in both sexes, and oxygen-pulse
Table. 17 02 Intake (1/m)
                                                                      Recovery 
 Ag Rest Exercise 
            Se~ 1st min. 2nd min. 
             Male 0.27 0.39 0.50 0.32 
   40 - - -
             Female 0.24 0.42 0.43 0.29 
             Male 0.25 0.38 0.46 0.28
   50 - - --
             Female 0.25 0.40 0.46 0.31 
            Male 0.24 0.41 0.52 0.28
   60 
             Female 0.20 0.31 0.43 0.23 i 
             Male 0.21 0.32 0.44 0.27
   70 - -
             Female 0.18 0.31 0.38 0.22
Table. 18 02 Intake (ml/kg/m)
                                                                      Recovery 
         \ Rest Exercise  Age 
1st min. 2nd min.          Se 
            Male 5.12 7.27 9.44 6.08 
    40 
Female 5.12 8.85 9.06 6.12 
             Male 4.96 7.77 9.26 5.46
   50 -
             Female 5.29 8.47 9.54 6.49 
             Male 4.85 8.13 10.10 5.61
   60 
             Female 4.90 7.36 10.29 5.47 
             Male 4.26 6.54 9.22 5.58
   70 
             Female 4.26 7.31 9.22 5.19
Table. 32 Excess 02 at the first Period of Recovery 
        (IIIm - Im) (ml/kg/m)
           Age 40 50 60 70 
 Sex -~. 
       Male 4.32 4.29 5.26 4.96 
       Female 3.94 4.80 5.39 5.30 
   Mean Value 4.08 4.60 5.31 5.21
Fig. 2-1 02 Intake in I /Min
Fig. 2-2 02 Intake in ml/kp/min
Table. 21 Initial Rise of 02 Intake 1/m %<
           Age 
  Sex 4.0 50 60 70 
       Male 0.12 0'.13 0.17 0 .12 
       Female 0.18 0.16 0 .10 0.13 
    X Exercise minus Rest
Table. 22 Initial Rise of 02 Intake ml/kg/m
           Age 40 50 60 70 
 Sex 
      Male 2.20 2.63 3.28 2.28 
      Female 4.80 3.18 2.46 3.05
Table. 19 Whole Excess 02 Intake (1/m)
           Age 40 50 60 70 
  Sex 
       Male 0.39 0.39 0.48 0.41 
       Female 0.41 0.42 0.36 0.38
Table. 20 Whole Excess 02 Intake (ml/kg/m)
 Sex A~~ 40 50 60 70 
      Male 7.5 7.7 1 9.2 8.5
       Female 8.6 8.4 8.9 9.0
Table. 23 Pulse Rate
                                                                     Recovery 
Age Rest Exercise           S\ lst min. 2nd min. 
          Male 64 76 70 67 
  40 -
          Female 64 76 71 67 
          Male 65 75 69 65
   50 
Female 65 75 71 66 
          Male 67 78 71 66
   60 -- -
           Female 68 77 73 69 
          Male 66 76 72 67
  70 - -
          Female 67 76 72 69
Table. 24 Whole Excess pulse Rate
            Age 40 50 60 70 
  Sex _ 
      Male 20.3 15.5 15.3 ! 22.0 
       Female 21.4 18.3 14.0 17.8 
i
Table. 25 Initial Rise of Pulse Rate
       _ - -- --Age 40 50 60 70   S
ex 
       Male 11.8 10.5 11.8 9.5 
       Female 11.6 10.4 8.7 9.5
X Exercise minus Rest 
                         Fig. 3 Oxygen-pulse (ml'
Table. 26 Oxygen-pulse at rest (ml)
           Age 40 50 60 70 
  Sex 
       Male 4.6 3.7 3.5 3.0 
       Female 3.8 3.7 3.3 I 2.8
Table. 27 Oxygen-pulse at rest (ml/kg)
           Age 
  Sex 40 50 60 70 
       Male 0.08 0.08 0.07 0.07
       Female 0.08 0.08 0.07 0.06
Table. 28 Oxygen-pulse (ml)
`, Recovery 
                          Rest Exercise A
ge 
Sex 1st min. 2nd min. 
             Male 4.6 5.4 7.5 4.7
  40 
             Female 3.8 5.3 6.4 4.3 
             Male 3.7 4.6 7.2 4.4
  50 
             Female 3.7 5.1 6.4 4.2 
             Male 3.5 4.9 7.0 4.0
   60 - -
             Female 3.3 4.2 6.4 3.5 
             Male 3.0 3.9 5.6 3.1
  70 -- - -- -
             Female 2.8 4.1 5.2 3.2
Table. 29 Oxygen-Pulse (ml/kg)
                                                                     Recovery 
 Age \ Rest Exercise 
            Sex 1st min. 2nd min. 
           Male 0.080 0.096 0.136 0.091 
  40 
            Female 0.081 0.117 0.128 0.092 
           Male 0.078 0.101 0.136 0.084
  50 
            Female 0.083 0.113 0.138 0.098 
           Male 0.074 0.105 0.143 0.085
  60 -
            Female 0.072 0.096 0.141 0.079 
            Male 0.064 0.086 0.128 0'.084
  70 
Female 0.065 0.'096 0.128 0.076
Table. 30 Whole Excess OZ ml/Excess pulse
           Age 
 Sex 40 50 60 70 
      Male 19.2 25.2 31.4 18.6
      Female 19.2 23.'0 25.7 21.3
Table. 31 Whole Excess 02 (ml/kg)/Excess pulse
           Age                       40 50 60 70 
  Sex 
       Male 0'.409 0.588 0.737 0.428 
      Female 0.514 0.658 0.676 0.867
per kg of body weight shows very coincidental value in the both sexes 
(Fig. 3 Table 26-29). However, excess 02 intake per excess pulse 
reveals high value in older age groups (Table 30 & 31). This fact 
means that the heart load of the aged is heavier at the exercise. 
                   DISCUSSION 
1) Standing Height, Body Weight, Chest Circumference, Sitting Vertex 
   Height and Arm Circumference 
   There is a report by A SCHCROFT10) et al, about heights and weights 
of random sample of 2,536 Jamaican adults, aged 15 to 74 years, 
measured in an urban and in a rural area. This report showed that 
urban and rural women were of the same height but urban men were 
slightly taller than rural men, and that urban persons tended to be 
heavier with age from 30 to 50 years; for this the gareater physical 
activity in the country than in the town may be responsible. 
   Comparing the author's values in the rural population with the 
Japanese 401 averages, significant difference between the two is notic-
eable only in a few items. In standing height in the four age groups 
of both above subjects and Japanese, no difference is noticeable. In 
body weight, no difference is noticeable in forties year, but in other 
ages the present values are inferior to the Japanese average. In chest 
circumference and sitting vertex height the present values are much 
more inferior to the Japanese average except in seventies year. 
2) Hand Grip Pressure and Back Muscular Power 
   SCHWARZ11) et al. made an assessment of hand grip pressure of persons 
from 3 to 65 years of age. It shows that hand grip pressure increases 
rapidly until about twenty years and then still increases slightly until 
thirty years; after that it decreases gradually. 
   UFLAND121 who measured the muscular power of some workers from 
sixteen to sixty nine years showed that the average hand grip pressure 
of the persons in twenties year was 41.6 kg and that in sixties year 
was 21.1 kg. 
   BURKE13I et al. with 311 subjects in the age range 12-79 years, 
state that the average grip strength of males is the highest at age 20 
to 24 years; after that it decreases with age, especially after 45 years 
it decreases rapidly. They also state .that the average grip strength 
of males at 79 years is 32.2 kg, and that this is about the same as that
at age 12 to 15 years. 
    In the author's report, as well, the average grip strength decreases 
with age after 40 years, and the strength in forty and fifty aged is 
inferior to the Japanese average, after fifty there is no report on the 
Japanese average. TATAI'4 insisted in his report, "the physiology of 
the aged", that the aging of muscles begins with the muscles which 
are not habitually used, such as back muscular group so that when 
the subjects are right handed men, the average hand grip pressure of 
the left should more rapidly decrease with age than that of the right. 
But in the author's report in, spite of many right handed subjects the 
average hand grip pressure of the left does not always decrease with 
age more rapidly than that of the right. On the other hand the dec-
lining degree of the back muscular power with age is remarkable. In 
the report of ANDERSON15) and COWAN also the average hand grip pres-
sure of the left does not decrease more rapidly than that of the right 
at age 60 to 89 years. 
3) Blood Pressure 
   It is important to determine the "normal" blood pressure of the 
older people. The average blood pressure is usually called normal, but 
it is questionable whether it is normal or not, in other words, healthy 
or not. 
   LASSER and MASTER"' have made a study on frequency distribution 
curves of the blood pressures in some 80,000 presumably normal persons 
from 20 to over 100 years of age. They show that the mean systolic 
blood pressure rises with aging until the seventieth year; after that 
there is no significant changes. The mean blood pressure of females 
is lower than males until the fortyfifth year; after that it is higher 
than in males. 
   Mean diastolic blood pressure increase slightly with age, but remain 
essentially constant throughout life. In this country, YOSHIZUMI19' and 
HIRATA reported that systolic and diastolic blood pressures of males rise 
gradually until 75 years; after that they slightly decrease. Both systolic 
and diastolic blood pressures of females, except the systolic blood 
pressure at age 76-80 years, rise with age. 
   In this assessment, the mean systolic blood pressures of men and 
women rise with age, but the mean diastolic blood pressure do scarcely 
vary or slightly decrease within normal limits. Regrettably there are 
no subjects over eighty years old to be assessed the variation of blood 
pressures. Beside the blood pressure at rest, the change of blood 
pressure by some stress tests has a patho-physiological significance. 
RAAB16' with 200 normal subjects in the age range 20-60 years, inves-
tigated the blood pressure in anoxia caused through carbon dioxide 
inhalation. They show that the blood pressure of them rises steadily 
with age. RUSSEKI7' & ZOHMAN who investigated the influence of age
upon blood pressure response to cold-pressure test, also recognized the 
same variation. 
4) Vital Capacity & F.E.V. 1.0% 
   The disturbance in ventilation has been attempted from the aspects 
of the two factors, namely elastic one and biscous one. However it is 
considerably difficult for mass examination such as this investigation 
to analyse these factors, for it needs complicated procedures on mea-
suring the lung functions. In this respect, it is natural that "Tiffeneau 
Test" should receive a great deal of attention. Expiratory vital capacity 
was employed for the present assessment, though it has a small quan-
tity in comparison with "true vital capacity", when stenosis of air tract 
and abnormality of lung elasticity are observed. The results are inferior 
to the standard values of vital capacity by BALDWIN41I and those of 
Japanese by SASAMOTO41' . 
5) Visual Acuity 
   For the first time, DE HAAN221 with 281 subjects in the age range 
7 to 82 years reported that the visual acuity gradually decreases with 
age after about 30 years. DONDERS23j who quoted from the results of 
DE HAAN' S investigation also stated that the visual acuity of the aging 
people decreases with age as follows: 
    Age Visual Acuity 
     40 1.0 
     50 0.9 
     60 0.8 
     70 0.6 
     80 0.5 
SLATAPER, 24) KORNZWEIG, 25) et al. recognized that the visual acuity 
slightly decreases with age after about 40 years. Lately, WEYMOUTH26> 
reported that the reduction of the visual acuity is noticed at the beg-
inning of sixties year. In Japan, OGUCHI27) and MINESHIMA reported, 
for the first time, concerning the variation of the aging people's visual 
acuity that about eighty percent of the subjects under 39 years, 60 
percent of the forties year and 50 percent of the fifties year have over 
1.2, and that the average visual acuity of the subjects at age 51 to 55 
years is in the range 0.9 to 1.0. The visual acuity in this report is 
inferior to that reported in the above mentioned data. It lowers with 
aging at almost the same rate of the visual acuity of 650 subjects in 
the agricultural village in the northeast, which is measured by NAKA-
MURA6I et al. The reason for the both values of author and farmers in 
the northeast being low is mainly due to the fact that they live in a 
secluded place where many of the inhabitants are indifferent to lighting 
and eye protection. 
6) Hearing Loss 
   The hearing deficiency of the aged is considered to be so called 
labyrinthine deafness. One insists that the hearing deficiency of the
aged is due to sclerosis of the arteria auditiva interna which causes 
considerable hearing loss in high pitched tone, on the contrary, another 
insists that the hearing loss of the aged is due to the atrophy of nerve 
cells, judging from the fact that hearing loss is not always parallel to 
arteriosclerosis, that hearing loss in high and low pitched tone is caused 
at the same time and that hearing loss rises after twenty years with 
age. 
    KIRIKAE & SHITARA28) reported that the auditory acuity of old man 
was inferior to that of old women in 4000 cps. The result of KIRIKAE 
& SHITARA is the same as that already mentioned in this report. In the 
hearing deficiency by noise the hearing loss of the subjects in 4000 cps 
is outstanding so that it is not deniable that senile deafness is ac-
companied with the hearing deficiency caused by noise. 
7) Electro Cardiographic Assessment 
   NAKAMICHI & HONDA29) reported that in the electro cardiographic as-
sessment of the aging people myocardosis, coronary insufficiency and 
ST change are remarkable after forty years. MURAKAMI30j stated that the 
ST change of the subjects aged over forty years is due to the factors 
such as hypertension etc., which cause hypertrophy of the heart. 
8) Mobility of Joints 
   NAKAMURA31) reported that the mobility of three joints, shoulder, 
vertebral and hip joints, after sixty years old gradually decreases with 
age in both sexes, and that the mobility of joints in males is inferior 
to that in females. In addition to that SHIRAISHI5 et al., with 206 sub-
jects in the age range 20 to 54 years presented three equations of 
regression; Y I =26.74-0.5538 X, Y jj =34.66-0.1187 X and YM =65.64-
0.0873 X (X: years). In those equations of regression, the absolute 
value of regression coefficient in the shoulder joint is the largest, so 
that as the index which shows the degree of aging, the shoulder joint 
is the best of three joints. In this investigation what differs from 
NAKAMURA 's report is that in X expression the mobility of the three 
joints lowers according to aging of both sexes. 
   As to the mobility of the three joints, the significant difference 
between each age group in both sexes is noticeable by the variance 
analysis. The difference of the mobility of the shoulder joint is espe-
cially large, and as SHIRAISHI refers, the shoulder joint is the best to 
examine the degree of aging among the three joints. 
9) 02 Intake and the Pulse Rate during Experiment 
   There are very few reports about 02 intake in exercise measured 
on the aging people. There have been many discussions concerning 
the grade of physical load for estimating the aging of physical fitness 
most exactly. 
   Taylor 32~33)34> states that only the maximal performance test is able 
to show fully the difference of physical fitness. But the maximal per-
formance test gives considerable pain to the subjects and sometimes it
is dangerous to the aged, therefore, a slight load test should be em-
ployed. A slight load test of hand-ergometer was employed in this in-
vestigation. The results have already been shown in this report. Lowering 
tendency of 02 intake at rest with age may accord with a fact that 
the basal metabolic rate decreases with age. i) Decreasing tendency of 
excess 02 intake during exercise, ii) significant increase of that in the 
first recovery period and iii) increasing tendency of whole excess 02 
intake for exercise, respectively with age; these facts show the evidence 
for that the advanced aged people need much more 02 for unit work, 
consequently their mechanical efficiency lowers and that the rapid 
adaptability in their respiratory and circulatory systems to exercise 
decrease. 
    According to ROBINSON35>, the pulse frequency at rest is less in the 
aged, but in this investigation the pulse frequency tends to increase 
with aging. However no significant difference between ages is noticed 
by variance analysis. Initial rise of pulse rate tends to decrease with 
age in accordance with 02 intake. 
    YAMADA36) has reported the variation of the pulse frequency by step 
test in the sixties to the seventies and the twenty to twenty five aged 
subjects as follows: at the beginning of load the rise of the pulse rate 
in the aged is not so remarkable, but it becomes considerably higher 
than the younger as the test nears to end and in the aged it requires 
much more time for recovery. In the present observations during ex-
ercise, such a tendency as mentioned above is not observed, and this 
difference seems to be caused by the hardness of load. In this inves-
tigation, however, the initial rise of 02 intake and pulse rate tend to 
decrease with age, and on the other hand rise of 02 intake in recovery 
is higher in the aged. Excess pulse decreases in both sexes with aging 
contrary to the increase of excess 02 intake. 
   Oxygen-pulse is proposed for the first time by HENDERSON37) and 
his co-workers. It increases more as the tidal volume of the heart and 
arterio-venous 02 difference increase. BALKE38> also stated that there 
was an increasing tendency of oxygen-pulse along with increasing of 
the physical fitness. In this investigation oxygen-pulse in ml unit lowers 
with aging at rest and during exercise (Fig. 4). Comparing the two 
groups of the aged and the younger people about oxygen-pulse, YAMADA36) 
also stated that oxygen-pulse of the aged is less than that of the youth 
during exercise and recovery by the step test. 
   By the way, whole excess 02 intake per whole excess pulse for 
exercise is rather higher in the aged; it seems to mean that the in-
crease of tidal volume for that of oxygen demand for exercise is higher 
in the aged. 
   From those above mentioned facts, it is conclusive that in the 
aged the tidal volume is decreased and the heart load is increased in 
exercise.
Illustration 1. Measurement of mobility of Joints 
        I. Mobility of Shoulder Joint
II. Mobility of vertebral Joint
III. Mobility of Hip Joint
   OGAWA39j and KATSUTA tried recently the same experiment on the 
youth being trained in mainly the long and middle distance of the field 
and track events. According to the report, 1) the maximum heart 
beats tend to decrease with aging and 2) the maximum volume of 02 
intake increases with aging. However, 02 intake per kg of body weight 
does not go alike but shows decreasing tendency. As for oxygen-pulse, 
they reported that it tended to increase with aging. 
   However these results are obtained in the younger subjects, so these 
different tendencies of the author from YAMADA and others are not
incompatible. 
   Thus, not only the maximal load test but the submaximal load 
test is also available for the estimation of cardiorespiratory fitness as 
a factor of "biologic age." 
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